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(54) Pressure sensors for gastric band and adjacent tissue 



(57) An apparatus for providing a restriction and 
sensing an associated operational parameter, comprises 
a restriction device and a sensing device. The restriction 
device is configured to be secured around a portion of 
an anatomical structure. The restriction device is opera- 
ble to form a restriction within the anatomical structure. 
The sensing device is configured to sense a parameter 
associated with operation of the restriction device. At 
least a portion of the sensing device is configured to be 
positioned adjacent to tissue of the anatomical structure. 
The restriction device may comprise a gastric band, 
among other things. The sensing device may comprise 
a pressure sensor, among other things. 
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Description 

BACKGROUND 

[0001 ] Many devices and methods for treating obesity 
have been made and used, including but not limited to 
adjustable gastric bands. An example of such an adjust- 
able gastric band is disclosed in U.S. Patent No. 
6,067,991, entitled "Mechanical Food Intake Restriction 
Device," which issued on May 30, 2000, and which is 
incorporated herein by reference. To the extent that an 
adjustable gastric band system is fluid based, those of 
ordinary skill in the art will appreciate that it may be ad- 
vantageous to acquire data indicating the pressure of 
fluid in the band system. 

[0002] Various devices and techniques for pressure 
data acquisition and processing for gastric band systems 
are disclosed in U.S. Non-Provisional Application Serial 
No. 1 1/065,410, filed February 24, 2005, entitled "Device 
for Non-Invasive Measurement of Fluid Pressure in an 
Adjustable Restriction Device," and published as U.S. 
Pub. No. 2006/0189888; U.S. Non-Provisional Applica- 
tion Serial No. 1 1/369,531 , filed March 7, 2006, entitled 
"Non-Invasive Pressure Measurement in a Fluid Adjust- 
able Restrictive Device," and published as U.S. Pub. No. 
2006/0211913; and U.S. Non-Provisional Application 
Serial No. 1 1/398,940, filed April 6, 2006, entitled "Mon- 
itoring of a Food Intake Restriction Device," and pub- 
lished as U.S. Pub. No. 2006/0199997. The disclosure 
of each of those applications and publications is incor- 
porated by reference herein. 

[0003] Similar advantages may be achieved with data 
indicating the pressure at or near the tissue interface of 
a gastric band system or other restriction device. Such 
pressure data may be obtained before, during, and/or 
after pressure adjustment, and may be useful for adjust- 
ment, diagnostic, monitoring, or other purposes. The 
foregoing examples are merely illustrative and not ex- 
haustive. While a variety of techniques and devices have 
been used to treat obesity, it is believed that no one prior 
to the inventors has previously made or used an invention 
as described in the appended claims. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides apparatus as 
recited in the claims. 

[0005] When the sensing device in claim 1 comprises 
afluidfilled member, the sensing device may f urthercom- 
prise a plurality of fluid filled members, wherein the plu- 
rality of fluid filled members are in fluid isolation relative 
one another. Such a sensing device may further com- 
prise a web, wherein each fluid filled member of the plu- 
rality of fluid filled members is secured to the web. 
[0006] The sensing device in claim 1 may be operable 
to communicate data representing a sensed parameter 
to a location external to a patient. Such a sensing device 
may comprise an RF coil operable to communicate data 



representing a sensed parameter to a location external 
to a patient. The pressure sensing device may further 
comprise a plurality of sensors and a plurality of RF coils, 
wherein each sensor of the plurality of sensors is asso- 
5 dated with a corresponding RF coil. 

[0007] The sensing device in claim 1 may comprise a 
strain gauge. 

[0008] The apparatus of claim 1 1 mayfurthercomprise 
a communicator operable to communicate data repre- 
10 senting a parameter sensed by the plurality of sensor 
elements to a location external to a patient. 
[0009] In the apparatus of claim 1 2, thefluid filled mem- 
ber may comprise a tube. 

15 BRIEF DESCRIPTION OF THE FIGURES 

[0010] While the specification concludes with claims 
which particularly point out and distinctly claim the inven- 
tion, it is believed the present invention will be better un- 
20 derstood from the following description of certain exam- 
ples taken in conjunction with the accompanying draw- 
ings, in which like reference numerals identify the same 
elements and in which: 

[0011] FIG. 1 is a schematic illustration of an exem- 
25 piary food intake restriction system; 

[0012] FIG. 2 is a more detailed perspective view of 
an exemplary implantable portion for the food intake re- 
striction system of FIG. 1; 

[0013] FIG. 3 is a perspective view of the adjustable 
30 gastric band of FIG. 2, showing the band positioned 
around the gastroesophageal junction of a patient in an 
exemplary use; 

[001 4] FIG. 4 is a cross-sectional view of the adjustable 
gastric band of FIG. 2, shown in an exemplary deflated 
35 configuration; 

[001 5] FIG. 5 is a cross-sectional view of the adjustable 
gastric band of FIG. 2, shown in an exemplary inflated 
configuration to create a food intake restriction; 
[001 6] FIG. 6 is a plan view of an exemplary pressure 
40 sensing strip that may be used with the adjustable gastric 
band of FIG. 2; 

[001 7] FIG. 7 is a plan view of an exemplary alternative 
pressure sensing strip that may be used with the adjust- 
able gastric band of FIG. 2; 
45 [0018] FIG. 8 is a plan view of another exemplary al- 
ternative pressure sensing strip that may be used with 
the adjustable gastric band of FIG. 2; 
[001 9] FIG. 9 is a cross-sectional view of an exemplary 
sensing element that may be used with the pressure 
50 sensing strips of FIGS. 7-8; 

[0020] FIG. 10 is a plan view of an exemplary tissue 
interface member with integral pressure sensors; 
[0021] FIG. 1 1 is a partial perspective view of an ex- 
emplary tissue interface member with an integral pres- 
55 sure sensing strip; 

[0022] FIG. 12 is a cross-sectional view of an exem- 
plary gastric band with strain gauges molded into an in- 
flatable portion; 
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[0023] FIG. 1 3 is a plan view of the gastric band of FIG. 
12 in an unwrapped configuration; 
[0024] FIG. 1 4 is a plan view of an exemplary pressure 
sensing bladder system; 

[0025] FIG. 1 5 is a partial perspective view of a gastric 
band and the pressure sensing bladder system of FIG. 
14 positioned around the gastro-esophageal junction of 
a patient in an exemplary use; 

[0026] FIG. 1 6 is a cross-sectional view of the gastric 
band and pressure sensing bladder system of FIG. 15; 
[0027] FIG. 1 7 is a plan view of an exemplary alterna- 
tive pressure sensing bladder system, employing asingle 
sensor and lumen; 

[0028] FIG. 18 is a plan view of another exemplary 
alternative pressure sensing bladder system, employing 
a plurality of sensors and lumens; 
[0029] FIG. 1 9 is a plan view of the pressure sensing 
bladder system of FIG. 18 positioned near a gastric band 
at the gastro-esophageal junction of a patient in an ex- 
emplary use; and 

[0030] FIG. 20 is a graph indicating a pressure signal 
from a pressure sensing system, such as may appear on 
an external monitor display during interrogation by a user. 

DETAILED DESCRIPTION 

[0031] The following description of certain examples 
of the invention should not be used to limit the scope of 
the present invention. Other examples, features, as- 
pects, embodiments, and advantages of the invention 
will become apparent to those skilled in the art from the 
following description, which is byway of illustration, one 
of the best modes contemplated for carrying out the in- 
vention. As will be realized, the invention is capable of 
other different and obvious aspects, all without departing 
from the invention. Accordingly, the drawings and de- 
scriptions should be regarded as illustrative in nature and 
not restrictive. 

[0032] Referring now to the drawings in detail, wherein 
like numerals indicate the same elements throughoutthe 
views, FIG. 1 illustrates a food intake restriction system 
30. System 30 comprises a first portion, identified gen- 
erally as 32, implanted inside of a patient 34, and a sec- 
ond portion, identified generally as 36, located external 
to the patient. Implanted portion 32 comprises an adjust- 
able gastric band 38 positioned on the upper portion of 
the patient's stomach 40. Adjustable band 38 may in- 
clude a cavity made of silicone rubber, or another type 
of biocompatible material, that inflates inwardly against 
stomach 40 when filled with a fluid. Alternatively, band 
38 may comprise a mechanically adjustable device hav- 
ing a fluid cavity that experiences pressure changes with 
band adjustments, or a combination hydraulic/mechani- 
cal adjustable band. In the present example, an injection 
port 42, which will be described in greater detail below, 
is implanted in a body region accessible for needle injec- 
tions and/or telemetry communication signals. In the em- 
bodiment shown, injection port 42 fluidly communicates 



with adjustable band 38 via a catheter 44. Asurgeonmay 
position and permanently implant injection port 42 inside 
the body of the patient in order to perform adjustments 
of the food intake restriction or stoma created by adjust- 
5 able band 38. The surgeon, for example, may implant 
injection port 42 in the lateral, subcostal region of the 
patient's abdomen under the skin and layers of fatty tis- 
sue. The surgeon may also implant injection port 42 on 
the sternum of the patient. Of course, any other suitable 
implantation sites may be used. 

[0033] FIG. 2 illustrates an exemplary adjustable gas- 
tric band 38 in greater detail. In this embodiment, band 
38 includes a variable volume bladder 46 that expands 
or contracts against the outer wall of the stomach 40 to 
form an adjustable stoma for controllably restricting food 
intake into the stomach 40. A physician may decrease 
the size of the stoma opening by adding fluid to variable 
volume bladder 46 or, alternatively, may increasethe sto- 
ma size by withdrawing fluid from the bladder 46. Fluid 
may be added or withdrawn by inserting a needle into 
injection port 42. Alternatively, fluid may be transferred 
in a non-invasive manner between band 38 and injection 
port 42 using telemetry command signals. The fluid may 
be, but is not restricted to, a 0.9 percent saline solution. 
[0034] FIG. 3 shows the adjustable gastric band 38 of 
FIG. 2 applied about the gastro-esophageal junction of 
a patient 34 in an exemplary use. As shown in FIG. 3, 
band 38 at least substantially encloses the upper portion 
of stomach 40 near the junction with esophagus 48. FIG. 
4 is a sectional view of band 38, showing the band 38 in 
a deflated configuration. In this view, band 38 contains 
little to no fluid, thereby maximizing the size of the stoma 
opening into stomach 40. FIG . 5 is a cross-sectional view 
of band 38 and stomach 40, similar to FIG. 4, showing 
band 38 in an inflated, fluid-filled configuration. In this 
view, the pressure of band 38 against stomach 40 is in- 
creased due to the fluid within band 38, thereby decreas- 
ing the stoma opening to create a food intake restriction. 
FIG. 5 also schematically illustrates band 38 constricted 
around stomach 40 to form an upper pouch beneath the 
junction of stomach 40 and esophagus 48, also beneath 
the diaphragm muscle 52 of the patient. 
[0035] Returning now to FIG. 1 , external portion 36 of 
food restriction system 30 comprises a pressure-reading 
device 60 electrically connected (in this embodiment, via 
an electrical cable assembly 62) to a control box 64. Con- 
trol box 64 includes a display 66, one or more control 
switches 68, and an external control module, which will 
be explained in further detail below. Control box 64 may 
be configured for use, for example, in a physician's office 
or examination room. Some ways to mount control box 
64 include placement upon a desktop, attachment to an 
examination table, or hanging on a portable stand. Con- 
trol box 64 may also be configured for carrying in the 
physician's lab coat pocket, holding by hand, or placing 
upon the examination table orthe reclining patient. Elec- 
trical cable assembly 62 may be detachably connected 
to control box 64 or pressure-reading device 60 to facil- 
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itate cleaning, maintenance, usage, and storage of ex- 
ternal portion 36 of system 30. 

[0036] Pressure-reading device 60 may non-invasive- 
ly measure the pressure of the fluid within implanted por- 
tion 32 even when injection port 42 is implanted beneath 
thick (e.g., at least over 1 0 centimeters, etc.) subcutane- 
ous fat tissue. For instance, implanted portion 32 may 
comprise one or more pressure sensors, and pressure- 
reading device 60 may be configured to obtain pressure 
data from implanted portion 32 via telemetry or other 
means. To the extent that implanted portion 32 requires 
power from an external source, pressure-reading device 
60 or some other component, may be further configured 
to provide transcutaneous energy transfer (TET) to im- 
planted portion. In the present example, a physician may 
hold pressure-reading device 60 against the patient's 
skin near the location of injection port 42 in the patient 
and observe the pressure reading on display 66 of control 
box 64. Pressure-reading device 60 may also be remov- 
ably attached to the patient 34, such as during a pro- 
longed examination, using straps, adhesives, and other 
well-known methods. Pressure-reading device 60 oper- 
ates through conventional cloth or paper surgical drapes, 
and may also include a disposal cover (not shown) that 
may be replaced for each patient. 
[0037] It will be appreciated that one or more pressure 
sensors may be incorporated into implanted portion 32 
in a variety of ways. Several structures and techniques 
for incorporating one or more pressure sensors into im- 
planted portion 32 are disclosed in U.S. Non-Provisional 
Application Serial No. 11/369,531, filed March 7, 2006, 
entitled "Non-Invasive Pressure Measurement in a Fluid 
Adjustable Restrictive Device," and published as U.S. 
Pub. No. 2006/0211913, which has been incorporated 
by reference herein. Several additional non-exhaustive 
pressure sensor embodiments suitable for incorporation 
into or use with implanted portion 32 are illustrated in 
FIGS. 6-1 9. While the following embodiments will be dis- 
cussed in the context of use with implanted portion 32, 
it will be appreciated that the same embodiments and 
variations thereof may alternatively be used with different 
types of implanted devices, or even in the absence of 
any other type of implanted device. 
[0038] As shown in FIG. 6, an exemplary pressure 
sensing strip 1 00 comprises a plurality of individual pres- 
sure sensors 1 02 on a flexible substrate 1 04. Each of the 
pressure sensors 102 is operable to sense pressure, 
such as by converting a physical deflection into an elec- 
trical signal, andthereby provide pressure data. Pressure 
sensors 1 02 may comprise any suitable type(s) of pres- 
sure sensors, including but not limited to piezoresistive, 
capacitive, strain gauges, or any other suitable sensor 
type, including combinations thereof. Each of the pres- 
sure sensors 1 02 is in communication with aflexiblecable 
1 06, which is operable to transmit data indicative of pres- 
sure sensed by pressure sensors 102. While ten pres- 
sure sensors 1 02 are shown in FIG. 6, it will be appreci- 
ated that any suitable number of pressure sensors 1 02 



may be used in any suitable arrangement. 
[0039] In the present example, pressure sensing strip 
1 00 is configured to fit between a gastric band 38 and a 
patient's stomach 40. Pressure sensing strip 100 may 

5 thus be used to sense pressure at the tissue interface of 
the stomach 40 and gastric band 38. Pressure sensing 
strip 100 may be oriented such that pressure sensors 
102 face stomach 40 or gastric band 38. Alternatively, 
pressure sensors 102 may be provided on both sides of 

10 pressure sensing strip 1 00. While pressure sensing strip 
100 is shown as being generally flat, pressure sensing 
strip 1 00 may be formed such that it is pre-curved to wrap 
around tissue of an anatomical structure (e.g. , a stomach 
40, etc.) and adhere with slight preload pressure on the 

15 tissue. Pressure sensing strip 100 may thus be held in 
place by its own resilient properties. Alternatively, a gas- 
tric band 38 or other device may provide sufficienttension 
to hold pressure sensing strip 100 in place adjacent to 
tissue. As yet another alternative, pressure sensing strip 

20 100 may comprise one or more features configured to 
maintain a position of pressure sensing strip 1 00 relative 
to tissue. For instance, a flexible biocompatible adhesive 
maybe appliedto pressure sensing strip 1 00, or pressure 
sensing strip 1 00 may comprise a fastener or other ma- 

25 nipulatable feature (e.g., buckle, tensioning means, etc.) 
operable to secure positioning of pressure sensing strip 
100. 

[0040] In another embodiment (not depicted), pres- 
sure sensing strip 1 00 is provided within gastric band 38. 

30 By way of example only, pressure sensing strip 1 00 may 
be positioned within bladder 46 of gastric band 38. For 
instance, pressure sensing strip 100 may be positioned 
such that pressure sensors 102 face the inner wall of 
bladder 46, opposite stomach 40 or esophagus 48. In 

35 such a position, pressure sensing strip 1 00 may be con- 
figured to sense the pressure at the interface of gastric 
band 38 and stomach 40 or esophagus 48, or to sense 
some other parameter. Other suitable locations and con- 
figurations for pressure sensing strip 1 00 will be apparent 

40 to those of ordinary skill in the art. 

[0041] In the present example, pressure data is com- 
municated from pressure sensors 102 via cable 106 to 
a transmitter (not shown). The transmitter is operable to 
further communicate the pressure data wirelessly to a 

45 receiver (e.g., pressure-reading device 60, etc.) external 
to the patient 34. For instance, the transmitter may com- 
prise one or more RF coils operable to provide telemetry 
with receiver coils located external to the patient 34. Sim- 
ilarly, to the extent that pressure sensors 102 require 

50 power from an external source for operation, the RF coils 
used to provide telemetry may also be used to provide 
transcutaneous energy transfer (TET) via cable 106 or 
otherwise. Alternatively, a dedicated set of TET coils may 
be provided. In another embodiment, a battery or other 

55 internal power source is provided in the transmitter, pres- 
sure sensing strip 100, or elsewhere. In any event, a 
transmitter, TET coils, a battery, and/or any other com- 
ponent in communication with cable 1 06 may be located 
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within port 42 or elsewhere. To the extent that such com- 
ponents are located within or near port 42, cable 1 06 may 
be positioned alongside catheter 44. 
[0042] In another embodiment, a pressure sensing 
strip is provided without cable 106. In this embodiment, 
a coil 11 0 is provided within pressure sensing strip 1 00. 
Each pressure sensor 102 is in communication with coil 
110. As with the telemetry and TET coils discussed 
above, coil 110 may be operable to provide telemetry 
and/or TET with an external device such as pressure- 
reading device 60. Alternatively, separate coils 1 1 0 within 
pressure sensing strip 1 00 may be used - one for telem- 
etry and one for TET. In yet another embodiment, one or 
more coils are provided within pressure sensing strip 1 00 
while one or more other coils are provided elsewhere 
(e.g., within port 42, etc.). Other suitable configurations 
will be apparent to those of ordinary skill in the art. 
[0043] It will be appreciated that pressure sensors 1 02 
may be un-powered or passive. For instance, a pressure 
sensor 102 may be configured to reflect a signal trans- 
mitted from an external transmitter such as a telemetry 
coil. The reflected signal may then be read and demod- 
ulated or decoded by the transmitter device or by some 
other receiver. The reflected signal may indicate a pa- 
rameter (e.g., pressure, etc.) sensed by a sensor. Byway 
of example only, each pressure sensor 102 may com- 
prise a sensor such as any of the sensors described in 
U.S. Pat. No. 6,855,115, issued February 15, 2005, and 
entitled "Implantable Wireless Sensor for Pressure 
Measurement within the Heart;" U.S. Pub. No. 
2003/01 3641 7, published July 24, 2003, and entitled "Im- 
plantable Wireless Sensor;" and/or WO 03/061504, pub- 
lished July 31, 2003, and entitled "Implantable Wireless 
Sensor." The disclosure of each of U.S. Pat. No. 
6,855,115; U.S. Pub. No. 2003/0136417; and WO 
03/061504 is incorporated by reference herein. Of 
course, any of the transmitters or receivers described in 
those references may also be used. It will also be appre- 
ciated that each sensor may be configured to provide a 
unique reflected signal or signature that distinguishes 
each sensor from other sensors. Such unique signals or 
signatures may permit a pressure profile to be generated. 
Other ways of providing a wireless, passive, and/or re- 
flective sensor will be apparent to those of ordinary skill 
in the art. 

[0044] In still another embodiment, an example of 
which is depicted in FIG. 7, a pressure sensing strip 120 
comprises a plurality of pressure sensors 1 02, and each 
pressure sensor 1 02 has a respective discrete coil 1 12. 
As with the version having coil 1 1 0 within pressure sens- 
ing strip 1 00, each coil 1 12 of this example may be pro- 
vided within pressure sensing strip 102, and each coil 
112 may be operable to provide telemetry and/or TET 
with an external device such as pressure-reading device 
60. Furthermore, where coils 112 are provided within 
pressure sensing strip 120, cable 106 need not neces- 
sarily be present. 

[0045] Whiletheforegoing examples of pressure sens- 



ing strips 100, 120 include an arrangement of pressure 
sensors 102 along a substantially straight line, it will be 
appreciated that pressure sensors 1 02 may be provided 
in any suitable alternative arrangement. For instance, in 
5 the pressure strip 1 21 shown in FIG. 8, a plurality of pres- 
sure sensors 102 are provided in an array that covers a 
broader area than would otherwise be covered if pres- 
sure sensors 1 02 were arranged in a straight line. In this 
embodiment, flexible strip 105 of pressure sensing strip 
10 1 21 is relatively wider than flexible strip 1 04 of pressure 
sensing strips 1 00, 1 20. Other suitable arrangements of 
pressure sensors 102 will be apparent to those of ordi- 
nary skill in the art, as will factors that may affect decisions 
regarding arrangements of pressure sensors 102, and 
15 structural variations of flexible strips 104, 105 that may 
be used to accommodate orcompliment such alternative 
arrangements of pressure sensors 102. 
[0046] In a variation of the embodiments depicted in 
FIGS. 7-8, each pressure sensor 102 is provided within 
20 a respective pressure sensing module 124 having inte- 
grated electronics. In particular, and as shown in FIG. 9, 
each pressure sensing module 1 24 comprises a pressure 
sensor 102, a coil 122, and an application-specific inte- 
grated circuit (ASIC) 128. Such components may be in 
25 communication with one another in any suitable fashion. 
Each pressure sensing module 124 may be incorporated 
into a flexible strip 1 04, 1 05 in a manner similar to pres- 
sure sensors 102 being incorporated into flexible strips 
104, 105 in the embodiments depicted in FIGS. 7-8. 
30 [0047] While the embodiment depicted in FIG. 9 shows 
an ASIC 128 within each pressure sensing module 124 
having a single associated pressure sensor 102, it will 
be appreciated that a single ASIC 128 may be in com- 
munication with a plurality of pressure sensors 102. For 
35 instance, an ASIC 128 may be configured to multiplexor 
scan data from a plurality of pressure sensors 102. Such 
an ASIC 128 may be provided on or in a sensing strip 
1 00, 1 20, 121, such as in a module (not shown) that is 
separate from but in communication with pressure sen- 
40 sors 102. An ASIC 128 may also be provided as part of 
an individual pressure sensor 102. Still other ways in 
which an ASIC 128 orsimilar device maybe incorporated 
into a pressure sensing strip 100, 120, 121, and other 
suitable relationships between one or more ASIC's 128 
45 and one or more pressure sensors 1 02, will be apparent 
to those of ordinary skill in the art. 
[0048] In lieu of being provided on a pressure sensing 
strip 100, 120, 121, pressure sensors 102 may be pro- 
vided integrally within a tissue interface member 130 of 
50 any suitable medical device. An example of pressure 
sensors 1 02 with corresponding discrete coils 1 22 being 
provided integrally within a tissue interface member 130 
is shown in FIG. 10. By way of example only, tissue in- 
terface member 130 may be part of a gastric band 38, 
55 such as a bladder 46 of a gastric band. Alternatively, and 
as shown in FIG. 11, a pressure sensing strip 100 may 
be provided integrally within a tissue interface member 
1 30. Of course, any other type of pressure sensing strip 
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1 20, 1 21 may also be provided integrally within a tissue 
interface member 130. Other suitable ways in which a 
plurality of pressure sensors 102 may be incorporated 
with or otherwise used with a tissue interface member 
130, with or without any associated pressure sensing 
strip 1 00, 1 20, 1 21 , will be apparent to those of ordinary 
skill in the art. 

[0049] In view of the foregoing, it will be appreciated 
that the pressure sensors 102 of the embodiments de- 
picted in FIGS. 6-1 1 (among other embodiments) may 
be used to obtain discrete pressure measurements 
around tissue adjacent to such pressure sensors 102. 
Pressure sensors 1 02 may be configured such that each 
pressure measurement may be associated with a partic- 
ular pressure sensor 102, which may permit association 
of pressure measurements with particular tissue loca- 
tions. For instance, being able to associate pressure 
measurements with particular tissue locations may per- 
mit a user to determine whether there is too much or too 
little pressure against a particular tissue location. Simi- 
larly, discrete pressure measurements may be used to 
identify points of tissue erosion, to detect migration of 
gastric band 38, or for other purposes. 
[0050] Furthermore, to the extent that discrete pres- 
sure measurements may be obtained using a plurality of 
pressure sensors 102, a pressure profile may be gener- 
ated. For instance, a pressure profile may correlate a 
given pressure measurement with a particular sensor, 
and therefore with a particular location on a gastric band 
38 and/or stomach 40. Similarly, a pressure profile may 
be used to establish how pressure is allocated along the 
length or circumference of the interface of a gastric band 
38 and stomach 40. It will also be appreciated that dis- 
crete pressure measurements and/or a pressure profile 
may be geometrically reconstructed to show the relative 
shape and/or size of food being swallowed by a patient, 
or for other purposes. Other ways in which a pressure 
profile may be established and/or used will be apparent 
to those of ordinary skill in the art. 
[0051] Suitable structures ortechniques for correlating 
a pressure measurement with a particular pressure sen- 
sor 1 02 will be apparent to those of ordinary skill in the 
art. In one embodiment, each pressure sensor 102 has 
an associated identification code, which may be trans- 
mitted with pressure data obtained with the correspond- 
ing pressure sensor 102. Alternatively, each pressure 
sensor 1 02 may be associated with a dedicated data in- 
terface port (notshown), and each such port may transmit 
or otherwise be associated with a unique identification 
code. In another variation, as discussed above, each 
pressure sensor 102 may be configured to provide a 
unique reflected signal or signature that distinguishes 
each sensor 102 from other sensors 102. 
[0052] As another variation, pressure measurements 
may be averaged, compared, or otherwise combined by 
a local component (e.g., an ASIC, etc.) on a pressure 
sensing strip 1 00, 1 20, 121 , such that a pressure value 
communicated externally is not associated with a partic- 



ular pressure sensor 102. Of course, some other com- 
ponent (e.g., an external component, etc.) may also av- 
erage, compare, or otherwise combine pressure meas- 
urements. Other ways in which discrete or averaged 
5 pressure measurements may be obtained, communicat- 
ed, handled, and used will be apparent to those of ordi- 
nary skill in the art. 

[0053] In another embodiment, an example of which 
is shown in FIGS. 1 2-1 3, a plurality of strain gauges 1 32 

10 are molded into the wall of a silicon bladder 46 of a gastric 
band 38. Each of the strain gauges 132 is operable to 
sense strain within the wall of bladder 46. As shown, 
strain gauges 132 are arranged such that their patterns 
are in orientations alternating between horizontal and 

15 vertical. Alternatively, any other suitable orientations for 
strain gauges 132 may be used. Furthermore, while 
strain gauges 132 are shown as being placed along the 
length of silicon bladder 46, strain gauges 1 32 may also 
be placed along the radius of silicon bladder 46 or in any 

20 other suitable arrangement. 

[0054] Strain gauges 132 may comprise any suitable 
type of strain gauge 132, including but not limited to a 
foil type, piezoresistor semiconductor, or any other type. 
In another embodiment, bladder 46 comprises a polyim- 

25 ide flexible sensory skin, which is itself operable to detect 
strain. Alternatively, any suitable type of pressure sensor 
1 02 or other type of strain gauge 1 32 may be substituted 
for, or used to supplement, strain gauges 132 of the 
present example. Other suitable types of strain gauges 

30 132 or features operable to detect strain or similar pa- 
rameters will be apparent to those of ordinary skill in the 
art. 

[0055] In the present example, it will be appreciated 
that strain of bladder 46 measured by strain gauges 1 32 

35 may be used in a manner similar to pressure measured 
using any of the various pressure sensors described 
herein. That is, strain levels measured using strain gaug- 
es 132 may be used as feedback before, during, and/or 
after adjustment of gastric band 38 to achieve ideal op- 

40 erating conditions of gastric band 38. For instance, strain 
measured using strain gauges 132 may be indicative of 
the manner in which a gastric band 38 is interacting with 
tissue, how full the gastric band 38 is, etc. Alternatively, 
strain gauges 132 may be used for any other suitable 

45 purpose. Also similar to the various pressure sensors 
described herein, power may be communicated to strain 
gauges 132 in any suitable manner, and data may be 
communicated from strain gauges in any suitable man- 
ner, including but not limited to using the TET, telemetry, 

50 and/or passive technologies described herein. 

[0056] I nanotherset of embodiments, a separate blad- 
der is used to communicate pressure to a sensor. Byway 
of example only, as shown in FIGS. 14-16, a pressure 
sensing device 200 comprises a pressure bladder 202, 

55 a pressure sensor 204, a cable 206, and an interface 
module 208. Pressure sensing device 200 may be used 
in combination with a gastric band 38, as shown in FIGS. 
15-16, or in any other setting. While a fluid-filled gastric 
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band 38 is shown, it will be appreciated that pressure 
sensing device 200 may be used with any other type of 
gastric band, including but not limited to a mechanical 
gastric band. Alternatively, pressure sensing device 200 
may be used with another implanted device or by itself 
(i.e. not in conjunction with use of another device). Pres- 
sure bladder 202 of the present example comprises a 
flexible tube, which may be filled with any suitable fluid 
or substance, including but not limited to water, saline, 
silicon oil, gel, etc. To the extent that pressure sensing 
device 200 is used with a gastric band 38, pressure blad- 
der 202 may be sized according to the maximum diam- 
eter of gastric band 38 or based on any other consider- 
ations. For instance, bladder may have a relatively thin 
cross section or diameter. Pressure bladder 202 may al- 
so be configured such that it may conform to any adjust- 
ments made to gastric band 38. 

[0057] Pressure bladder202 of this example has afree 
end 210 and a coupled end 212. Pressure sensor 204 is 
located at coupled end 212, and is operable to sense 
pressure of fluid or any other medium within pressure 
bladder 202. Cable 206 is coupled with coupled end 212 
of pressure bladder 202, and is in communication with 
pressure sensor 204. Interface module 208 is also in 
communication with cable 206. In one embodiment 
where pressure sensing device 200 is used with a port- 
based gastric band 38 system, interface module 208 is 
positioned within or adjacent to injection port 42. Alter- 
natively, any other suitable location for interface module 
208 may be used. 

[0058] In view of the above, it will be appreciated that 
measurements of the pressure of fluid within pressure 
bladder202 may be obtained using pressure sensor204, 
and may be communicated to interface module 208 via 
cable 206. Interface module 208 may be operable to com- 
municate such pressure measurements to an external 
receiver using any suitable structures and techniques, 
including but not limited to telemetry with pressure-read- 
ing device 60. Similarly, to the extentthat pressure sensor 
204 requires power to operate, such power may be pro- 
vided by or via interface module 208. For instance, inter- 
face module 208 may comprise a battery or other energy 
storage device, or interface module 208 may be config- 
ured to receive TETsignals from an external source such 
as pressure-reading device 60. Still other ways in which 
power may be provided to pressure sensing device 200, 
andotherways in which data may be communicated from 
pressure sensing device 200, will be apparent to those 
of ordinary skill in the art. 

[0059] In an exemplary use, illustrated in FIGS. 1 5 and 
16, pressure sensing device 200 is positioned around 
the gastro-esophageal junction of a patient 34. A gastric 
band 38 is then applied around the pressure sensing de- 
vice 200 at the gastro-esophageal junction of the patient 
34. As fluid is added to gastric band 38, pressure expe- 
rienced by bladder 202 increases, and such pressure is 
communicated to pressure sensor 204 via whatever me- 
dium (e.g., liquid, etc.) is in bladder 202. The pressure is 



sensed by pressure sensor 204 and communicated to 
an external device, such as pressure-reading device 60, 
via cable 206 and interface module 208. Pressure data 
so communicated may be displayed to a physician, such 
5 as via display 66, and may be used by the physician while 
adjusting gastric band 38. Of course, pressure sensing 
device 200 may be used in any other suitable way and 
in any other suitable context. 

[0060] In another embodiment, depicted in FIG. 17, a 

10 pressure sensing device 220 comprises a tube 222, a 
pressure sensor 204, and an interface module 208. Sim- 
ilar to bladder 202 discussed above, tube 222 may be 
filled with any suitable fluid or substance, including but 
not limited to water, saline, silicon oil, gel, etc. Tube 222 

15 is flexible and has a precurved end in this example, 
though tube 222 may have any other properties. 
[0061] With the exception of lacking cable 206, pres- 
sure sensing device 220 of FIG. 1 7 is similar to pressure 
sensing device 200 of FIGS. 1 4-1 6 in a number of ways. 

20 For instance, pressure sensing device 220 may be used 
with a gastric band 38, with any other implanted device, 
or by itself in any manner similar to such use described 
above with respect to pressure sensing device 200. In 
addition, pressure sensor204 of pressure sensing device 

25 220 is in communication with interface module 208 of 
pressure sensing device 220; and pressure sensor 204 
and interface module 208 of pressure sensing device 220 
may be configured and operable just like pressure sensor 
204 and interface module208 of pressure sensing device 

30 200 as described above. Accordingly, pressure sensing 
device 220 may be used to sense pressure experienced 
between a gastric band 38 and the gastro-esophageal 
junction of a patient 34, and may be communicate sensed 
pressure to a device external to a patient (e.g. , to a pres- 

35 sure-reading device 60 for display of pressure data on 
display 66, etc.). 

[0062] In an exemplary variation of pressure sensing 
device 220, shown in FIGS. 18-19, a pressure sensing 
device 230 comprises a plurality of tubes 232, a plurality 

40 of associated pressure sensors 204, and an interface 
module 208. The plurality of tubes 232 are secured to a 
flexible web 234, which is merely optional like other com- 
ponents described herein. Pressure sensing device 230 
of FIGS. 18-19 is otherwise similar to pressure sensing 

45 device 220 of FIG. 17, and its components may therefore 
be configured and operable in a manner similar to the 
components of pressure sensing device 220 as de- 
scribed above. 

[0063] It will also be appreciated that having a plurality 
50 of tubes 232 in pressure sensing device 230 may provide 
functionality that may not be available in certain embod- 
iments of pressure sensing device 230 having a single 
tube 222. For instance, one tube 232 may be positioned 
between gastric band 38 and the gastro-esophageal 
55 junction of a patient 34, while the other two tubes 232 
may be wrapped around the esophagus 48 of the patient 
34. Such placement of tubes 232 may permit measure- 
ment of peristaltic parameters as a patient 34 swallows. 
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For instance, the timing, spacing, speed, magnitude, 
and/or other parameters of peristaltic waves may be 
sensed using a plurality of tubes 232 and communicated 
to a device external to the patient 34. Of course, members 
of a plurality of tubes 232 may be positioned in any other 
suitable locations and arrangements for any suitable pur- 
poses. Similarly, while three tubes 232 are shown in the 
depicted plurality, it will be appreciated that any suitable 
number of tubes 232 or tube 232 substitutes may be 
used. 

[0064] In the present example, the three tubes 232 are 
in fluid isolation relative to one another. In other words, 
fluid cannot be communicated from one tube 232 to an- 
other tube 232. However, in an alternative embodiment, 
a plurality of tubes 232 are in fluid communication with 
one another. In yet another embodiment, at least two 
tubes 232 of a plurality are in fluid communication with 
one another, while those tubes are in fluid isolation rel- 
ative to another tube 232 of the plurality. Still other suit- 
able modifications of pressure sensing devices 200, 220, 
230, and alternative uses for pressure sensing devices 
200, 220, 230 will be apparent to those of ordinary skill 
in the art. 

[0065] By way of example only, in any of the foregoing 
embodiments, it will be appreciated that display 66 or 
some other device maybe used to provide approximately 
real-time pressure measurements to a user before, dur- 
ing, and after the addition or withdrawal of fluid to or from 
implanted portion 32. For instance, a surgeon may adjust 
the saline content of implanted portion 32 while patient 
34 swallows a fixed amount of water, and may monitor 
the pressure level in implanted portion 32 via display 66 
during such activities. It will be appreciated that an opti- 
mal pressure adjustment may be determined based on 
a variety of factors related to pressure data, including but 
not limited to any of the following: the original baseline 
pressure; the new baseline pressure; the maximum per- 
istaltic pressure; the minimum peristaltic pressure; the 
length of a peristaltic contraction; the Fourier transform 
of a peristaltic contraction data spike; the pressure decay 
time constant during persistaltic contractions; the total 
averaged pressure decay time constant during a water 
swallowing period; the number of peristaltic contractions 
to swallow a fixed amount of water; one or more forces 
exerted by an implanted device and/or an anatomical 
structure; energy of an implanted device or of fluid there- 
in; the fill rate of fluid into an implanted device; the volume 
of fluid in an implanted device; the capacity of an implant- 
ed device; the flow rate of fluid into or within an implanted 
device; the pressure pulse rate of fluid within an implant- 
ed device; a counted number of pressure pulses of fluid 
within an implanted device; one or more electrical signals 
communicated from tissue priorto and/or in response to 
adjustment of an implanted device; chemical(s) output 
from tissue priorto and/or in response to adjustment of 
an implanted device; other tissue feedback responsive 
to adjustment of an implanted device; or any other fac- 
tors. 



[0066] In one embodiment, control box 64 is operable 
to receive data indicative of the above-noted factors in 
any suitable fashion (e.g., from sensors, etc.), and is fur- 
ther operable to automatically process such factors and 

5 present the result of such processing to the user via dis- 
play 66. For instance, control box 64 may be configured 
to determine an ideal amount of fluid to be added or with- 
drawn based on such processing of factors, and may 
simply display a message to the user such as "Add 4 cc's 

10 of fluid," "Withdraw 0.5 cc's of fluid," or the like. Such 
messages may be displayed in addition to or in lieu of 
displaying pressure measurements, changes in pres- 
sure, or other data. Other suitable processes of any of 
the above -noted factors or other factors, as we 1 1 as ways 

15 in which results of such processes may be presented to 
the user, will be apparent to those of ordinary skill in the 
art. 

[0067] As discussed above, it may be desirable to ac- 
count for temperature, atmospheric pressure, and other 

20 factors when considering measurements of pressure 
within or near implanted portion 32. Accordingly, pres- 
sure-reading device 60 or any other component may re- 
ceive additional data such as temperature measure- 
ments taken within or near implanted portion 32, and con- 

25 trol box 64 may comprise logic configured to adjust pres- 
sure readings in accordance with a variety of such fac- 
tors. 

[0068] FIG. 20 is an exemplary graphical representa- 
tion of a pressure signal 216 from any of the foregoing 

30 pressure sensing systems, such as may appear on dis- 
play 66 during interrogation by a user. In one embodi- 
ment, the fluid pressure is initially measured by pressure 
reading device 60 while the patient is stable, resulting in 
asteadypressure reading as shown. Next, an adjustment 

35 is applied to band 38 to decrease the stoma size. During 
the band adjustment, the pressure sensing system con- 
tinues to measure the fluid pressure and transmit the 
pressure readings to control box 64. As seen in the graph 
of FIG. 20, the pressure reading rises slightly following 

40 the band adjustment. In the example shown, the patient 
is then asked to drink a liquid to check the accuracy of 
the adjustment. As the patient drinks, the pressure sens- 
ing system continues to measure the pressure spikes 
due to the peristaltic pressure of swallowing the liquid, 

45 and transmit the pressure readings to external module 
36 for display. By measuring and visually depicting the 
loading of the restriction device against the peristaltic mo- 
tion of the stomach both during and after an adjustment, 
the system of the present example provides the physician 

50 with an accurate, real-time visualization of the patient's 
response to the adjustment. This instantaneous, active 
display of recorded pressure data enables the physician 
to perform more accurate band adjustments. The data 
may be displayed overtime to provide a pressure verses 

55 time history. 

[0069] In addition to use during adjustments, the pres- 
sure sensing systems of the foregoing examples may 
also be used to measure pressure variations in or near 
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implanted portion 32 at various intervals during treat- 
ment. Periodic pressure readings may enable the pres- 
sure sensing system to function as a diagnostic tool, to 
ensure that adjustable band 38 is operating effectively. 
In particular, a pressure sensing system may be utilized 
to detect a no pressure condition within or near band 38, 
which may indicate a fluid leakage or other condition. 
Alternatively, the system may be used to detect exces- 
sive pressure spikes within or near band 38, which may 
indicate a kink in catheter 44 or a blockage within the 
stoma or other conditions. 

[0070] It will become readily apparent to those skilled 
in the artthatthe above invention has equally applicability 
to othertypes of implantable bands. For example, bands 
are used for the treatment of fecal incontinence. One 
such band is described in U.S. Patent 6,461,292 which 
is hereby incorporated herein by reference. Bands can 
also be used to treat urinary incontinence. Onesuch band 
is described in U.S. Patent Application 2003/0105385 
which is hereby incorporated herein by reference. Bands 
can also be used to treat heartburn and/or acid reflux. 
One such band is described in U.S. Patent 6,470,892 
which is hereby incorporated herein by reference. Bands 
can also be used to treat impotence. One such band is 
described in U.S. Patent Application 2003/0114729 
which is hereby incorporated herein by reference. 
[0071] The present invention has application in con- 
ventional endoscopic and open surgical instrumentation 
as well as application in robotic-assisted surgery. 
[0072] Embodiments of the devices disclosed herein 
can be designed to be disposed of after a single use, or 
they can be designed to be used multiple times. Embod- 
iments may, in either or both cases, be reconditioned for 
reuse after at least one use. Reconditioning may include 
any combination of the steps of disassembly of the de- 
vice, followed by cleaning or replacement of particular 
pieces, and subsequent reassembly. In particular, em- 
bodiments of the device may be disassembled, and any 
number of the particular pieces or parts of the device may 
be selectively replaced or removed in any combination. 
Upon cleaning and/or replacement of particular parts, 
embodiments of the device may be reassembled for sub- 
sequent use either at a reconditioning facility, or by a 
surgical team immediately prior to a surgical procedure. 
Those skilled in the art will appreciate that reconditioning 
of a device may utilize a variety of techniques for disas- 
sembly, cleaning/replacement, and reassembly. Use of 
such techniques, and the resulting reconditioned device, 
are all within the scope of the present application. 
[0073] By way of example only, embodiments de- 
scribed herein may be processed before surgery. First, 
a new or used instrument may be obtained and if neces- 
sary cleaned. The instrument may then be sterilized. In 
one sterilization technique, the instrument is placed in a 
closed an sealed container, such as a plastic or TYVEK 
bag. The container and instrument may then be placed 
in a field of radiation that can penetrate the container, 
such as gamma radiation, x-rays, or high-energy elec- 



trons. The radiation may kill bacteria on the instrument 
and in the container. The sterilized instrument may then 
be stored in the sterile container, the sealed container 
may keep the instrument sterile until it is opened in a 
5 medical facility. A device may also be sterilized using any 
other technique known in the art, including but not limited 
to beta or gamma radiation, ethylene oxide, or steam. 
[0074] While the present invention has been illustrated 
by description of several embodiments, it is not the in- 
fo tention of the applicant to restrict or limit the spirit and 
scope of the appended claims to such detail. Numerous 
other variations, changes, and substitutions will occur to 
those skilled in the art without departing from the scope 
of the invention. For instance, the device and method of 
15 the present invention has been illustrated in relation to 
providing the pressure sensor within the injection port. 
Alternatively, the sensor could be positioned within a fluid 
filled portion of the band in order to measure pressure 
changes within the band. Additionally, the pressure sen- 
20 sor could be associated with an elastomeric balloon im- 
planted within the stomach cavity to measure fluid pres- 
sure within the balloon. The structure of each element 
associated with the present invention can be alternatively 
described as a means for providing the function per- 
25 formed by the element. It will be understood that the fore- 
going description is provided byway of example, and that 
other modifications may occur to those skilled in the art 
without departing from the scope and spirit of the ap- 
pended Claims. 

30 

Claims 

1 . An apparatus for providing a restriction and sensing 
35 an associated operational parameter, the apparatus 
comprising: 

(a) an implantable restriction device configured 
to be secured around a portion of an anatomical 

40 structure, wherein the restriction device is oper- 

able to form a restriction within the anatomical 
structure; and 

(b) an implantable sensing device configured to 
sense a parameter associated with operation of 

45 the restriction device, wherein at least a portion 

of the sensing device is configured to be posi- 
tioned adjacent to tissue of the anatomical struc- 
ture. 

50 2. The apparatus of claim 1, wherein the restriction de- 
vice comprises a gastric band. 

3. The apparatus of claim 1 , wherein the sensing device 
comprises a sensor strip. 



55 

4. The apparatus of claim 3, wherein the sensor strip 
is configured to be positioned between the restriction 
device and the anatomical structure. 
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5. The apparatus of claim 3, wherein the sensor strip 
comprises a plurality of sensors. 

6. The apparatus of claim 5, wherein the plurality of 
sensors comprises at least one pressure sensor. 5 

7. The apparatus of claim 1 , wherein the sensing device 
comprises a plurality of sensors, wherein each sen- 
sor of the plurality of sensors is configured to sense 

the parameter associated with operation of the re- 10 
striction device, wherein the plurality of sensors is 
configured to obtain data sufficients establish a pro- 
file of the parameter sensed by the sensors, wherein 
the profile indicates allocation of the sensed param- 
eter among the sensors. 15 

8. The apparatus of claim 1 , wherein the restriction de- 
vice comprises a tissue interface portion, wherein at 
least a portion of the pressure sensing device is 
molded within the tissue interface portion of the re- 20 
striction device. 



prises a tissue interface member, wherein the 
tissue interface member is configured to inter- 
face with tissue of the anatomical structure; 

(b) an implantable fluid filled member, wherein 
the fluid filled member is configured to fit around 
the anatomical structure, wherein the fluid filled 
member is positionable at either or both of: 

(i) between at least a portion of the restric- 
tion device and the anatomical structure, or 

(ii) near the restriction device; and 

(c) a pressure sensor in fluid communication 
with the fluid filled member, wherein the pres- 
sure sensor is operable to sense the pressure 
of fluid within the fluid filled member. 



9. The apparatus of claim 1 , wherein the sensing device 
comprises a fluid filled member. 

1 0. The apparatus of claim 9, wherein the sensing device 
further comprises a pressure sensor in fluid commu- 
nication with the fluid within the fluid filled member. 



1 1 . An apparatus for providing a restriction and sensing 30 
an associated operational parameter, the apparatus 
comprising: 

(a) an implantable restriction device configured 

to be secured around a portion of an anatomical 35 
structure, wherein the restriction device is oper- 
able to form a restriction within the anatomical 
structure, wherein the restriction device com- 
prises a tissue interface member, wherein the 
tissue interface member is configured to inter- 40 
face with tissue of the anatomical structure; and 

(b) a plurality of implantable sensor elements 
configured to sense a parameter associated 
with one or both of the restriction device or the 
anatomical structure, wherein at least a portion 45 
of the plurality of sensor elements are provided 

on or in the tissue interface member of the re- 
striction device. 



1 2. An apparatus for providing a restriction and sensing 50 
an associated operational parameter, the apparatus 
comprising: 



(a) an implantable restriction device configured 
to be secured around a portion of an anatomical 55 
structure, wherein the restriction device is oper- 
able to form a restriction within the anatomical 
structure, wherein the restriction device com- 
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